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Role of monocytes in cryoglobulinemia-associated nephritis. Several
monocyte-macrophage functions were found to be defective in cryoglo-
bulinemic patients. Nevertheless, monocytes actively phagocytizing
cryoglobulins have been frequently found in kidney specimens from
these patients. Whether subsequent degradation of the ingested immune
material is effective, however, is still unknown. Monocytes from eight
cryoglobulinemic patients (4 with active disease and associated nephri-
tis and 4 inactive cases without nephritis) and eight normal controls of
same sex and similar age were analyzed. Monocytes from patients with
active cryoglobulinemia and associated nephritis were found to be able
to ingest, but unable to catabolize, cryoglobulins, as shown by electron
microscopy using gold-labeled goat IgG to human IgO and 1gM in
18-hour cultured suspensions. Synthesis and maturation of monocyte
cathepsin D, one of the most important lysosomal proteases, were
analyzed in the same subjects. Purified monocytes were cultured in
presence or absence of cryoglobulins for 18 hours at 37°C in RPM!
medium and labeled with 35S-methionine. The various forms of ca-
thepsin D were separated by electrophoresis and visualized by fluorog-
raphy. Results from cultures of monocytes from clinically active
cryoglobulinemic patients with nephritis suggest that intracellular trans-
port of newly synthesized cathepsin D was impaired and the release into
the medium of precursor polypeptides of the enzyme enhanced in each
experimental condition. Since procathepsin D is susceptible to activa-
tion in pathologic conditions lowering local pH (such as in inflamed
tissues), these data suggest that monocytes from patients with active
cryoglobulinemia and associated nephritis have a propensity to exert
phlogistic effects via secretion of procathepsin D in tissues.
Several monocyte-macrophage functions have been found to
be defective in patients with essential mixed cryoglobulinemia
(EMC). The Fc receptor function of tissue macrophages, mea-
sured as clearance rate of 51Cr-labeled erythrocytes coated with
IgG, was reported to be impaired [1]. Defective phagocytosis of
the same particulate complex was shown by analyzing periph-
eral blood monocytic functions [2], while neutrophils from
cryoglobulinemic patients defectively phagocytized sheep
erythrocytes coated with IgG [31. Moreover, there is remark-
ably little generation of chemiluminescence by peripheral blood
phagocytes in response to various stimuli, when compared to
age-matched normal subjects [4]. Despite these multifaceted
defects, phagocytes, and particularly monocytes, are thought to
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have a pivotal role in removal of cryoglobulins from the sites of
tissue deposition. The presence of phagocytes, morphologically
resembling peripheral blood monocytes, represents a common
feature in specimens of kidney biopsy from cryoglobulinemic
patients [5]. In addition, these cells are found to be loaded with
interiorized cryoglobulins in electron microscopy examination
[6], which implies an active removal of the deposited immune
material. Correspondingly, despite the relative inability of
intenorizing particulate immune complexes (such as IgG-coated
erythrocytes), controlled in vitro experiments, in which several
combinations of monocyte suspensions were shortly cultured
with cryoglobulins, did not reveal any significant difference in
the interiorization capacity of cryoglobulins between patients
and healthy subjects [4]. Whether the subsequent degradation
of the ingested immune material is effective, however, is still
unknown. This aspect is particularly relevant in clarifying the
true role of monocytes in EMC-associated nephritis and, due to
the phlogistic potential of these cells in experimental glomeru-
lonephritis, probably in the pathogenesis of glomerular lesions
in this disorder.
Methods
Patients
Two groups of EMC patients, each including two women and
two men, were studied. The patients of the first group (mean
age 59.0 years, range 43 to 63) had a biopsy-proven EMC-
associated glomerulonephritis. The second group (mean age
59.5 years, range 54 to 74) included patients without urinary
abnormalities. The diagnosis of EMC was made after exclusion
of underlying infections, lymphoproliferative or other autoim-
mune disease [7, 8] on the basis of the characteristic clinical
findings and the presence of mixed IgG/IgM-k cryoglobulins.
The patients of the non-nephritic group, who were clinically
inactive at the time of study, had a past history of purpura,
weakness and mild arthralgia. The patients with associated
nephritis had a history of necrotizing vasculitis with purpura
and Raynaud's phenomenon (3 cases), severe weakness, fever
and arthralgia (all 4 cases), and peripheral neuropathy (1 case).
Renal biopsy, examined by light, immunofluorescence and
electron microscopy, showed various degrees of endocapillary
proliferation and, in the capillary lumina, numerous leukocytes
(among which monocytes were particularly prevalent as re-
vealed by electron microscopy) in each case associated with
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PAS-positive intraluminal thrombi. Deposits of 1gM, IgG, C3
and C lq with ultrastructural features suggestive of cryoglobu-
lins [9] were detected in all cases. At the time of study patients
were not receiving steroids, immunosuppressive drugs, antibi-
otics or angiotensin converting enzyme inhibitors. All had
creatinine values less than 150 jmol/liter. Eight apparently
healthy subjects, four women and four men, mean age 60.7,
range 53 to 75 years served as controls.
Cell isolation
Monocytes were isolated from heparinized blood samples
from patients and controls fasting for at least 10 hours before
venipuncture. Blood samples were processed immediately.
Blood diluted 1:3 with 0.15 NaC1 was layered on Ficoll-
Hypaque (Pharmacia, PL. Biochemical, Uppsala, Sweden) and
centrifuged at 800 x g for 20 minutes at 22°C. The mononuclear
cell surface band was resuspended in 0.15 M NaC1 and washed
twice (at 150 x g for five minutes to remove platelets and then
at 800 x g for 10 minutes at 4°C). Pellets were resuspended in
Hanks' balanced salt solution and the cells were allowed to
adhere to the solid substrate of Petri's plates for 60 minutes at
37°C in C02/air (1:19). After three washes to remove lympho-
cytes, adherent cells were mainly ( 95%) monocytes, as
verified by analyzing their reactivity to various monoclonal
antibodies, including 0KM 1, OKT3 and Leul2 [10].
Electron microscopy studies
Adherent cells were recovered by vigorous pipetting in
ice-cold phosphate buffered saline supplemented with 10 mM
EDTA, pH 7.2 (PBS-EDTA). Cells were washed twice with
RPMI 1640 medium (Difco), supplemented with 20% fetal calf
serum.
Cryoglobulins were obtained from the patients in this study
by cold precipitation and were washed in PBS. To each aliquot
of 200 1d cell suspensions, containing 2 x 106 monocytes, a
mixture of 100 .d of 8 mg/mI of a pooi of cryoglobulins and 50
j.d of gold-labeled goat IgG anti-human IgG and 1gM, containing
about 19.8 x 1011 particles, sized 8.6 0.6 nm (Sigma Chemical
Co., St. Louis, Missouri, USA) was added. These mixtures
were then incubated for 15 minutes at 22°C under 60 rpm
shaking to promote the uptake. After washing incubation was
prolonged for an additional 75 minutes at 37°C without shaking.
Identical preparations of cells were cultured for 18 hours at
37°C in C02/air (1:19). Then, cells were washed with cold PBS
twice at 1000 x g for five minutes at 4°C, fixed in 2.5%
glutaraldehyde, post-fixed in osmium tetroxide and embedded
in epoxy resin. Ultrathin sections were stained with uranyl
acetate-lead citrate.
A pathologist (GM) examined the cell suspensions prepared
by another investigator who processed coded blood samples.
Besides the characteristic features observed by electron mi-
croscopy examination [9], identification of cryoglobulins was
assured by using gold-labeled goat IgG anti-human class G and
M immunoglobulin. Possible differences in phagocytosis and
digestion capacity were evaluated by detecting, in equatorial
sections, the presence of electron dense gold-associated mate-
rial in phagosomes of 50 monocytes from each preparation.
Since quantitative evaluation of the phenomena was hard to
perform on ultrathin sections investigated by electron micros-
copy, a semiquantitative score was performed. Phagocytic
activity was considered absent (0) when no phagosomes could
be detected. It was scored + and + + when few or several
phagosomes containing electron-dense partially structured ma-
terial associated with gold particles were found in less than half
or in most cells, respectively. Digestion capacity was consid-
ered severely reduced when gold-associated electron dense
material was still present in the phagosomes of monocytes after
18 hours of culture, whereas it was held to be adequate when
only indigestible gold particles were identified in the phago-
somes.
Synthesis and maturation of cathepsin D
The technique was extensively described elsewhere by Isi-
doro et al [11]. Adherent cells (1 x 106) depleted of methionine
were cultured at 37°C under C02/air (1:19) and metabolically
labeled in 0.85 ml methionine-deficient RPM! 1640 medium,
supplemented with heat-inactivated, dialyzed FCS (20%), con-
taining 30 iCi of 35S-methionine in absence (control cell prep-
arations) or in presence of opsonized Zymosan (50 tl of a 12.5
mg/ml suspension) or pooled IgG/IgM-k cryoglobulins (50 jd of
8 mg/ml suspension). The methionine had a specific activity of
50 TBq/mmol. The radioactive chemicals were purchased from
Amity, Milano, Italy. After 18 hours of culture, the cells were
collected by centrifugation and taken up in 1 ml of a detergent
mixture containing 10 mIll Triton X-100, 5 g/liter Na deoxy-
cholate, 1 mmollliter MgC12, 5 mmollliter iodoacetamide, 1
mmollliter phenylmethansulphonyl fluoride, 20 mg/liter DNase
I, 0.14 mol/liter NaCl, and 10 mmollliter Na phosphate, pH 7.4.
After centrifugation, the medium was mixed with 0.1 ml of
tenfold concentrated stock solution of the detergent mixture.
The samples were subjected to freeze-thawing and centrifuga-
tion at 40000 g for one hour. The supernatants were mixed with
affinity-purified rabbit anti-human cathepsin D (20 ig per au-
quot) and goat anti-rabbit immunoglobulin conjugated to Eu-
pergit C1Z (0.5 g second antibody per g first antibody).
Eupergit C1Z was purchased from Roehm Pharma, Weitersy-
adt, Germany. The samples were rotated end-over at 4°C
overnight. The immuneprecipitates were collected, washed and
solubilized, and the radioactive polypeptides were analyzed
after electrophoresis in 12.5% polyacrylamide gel in presence of
sodium dodecyl sulphate by fluorography [11].
Results
Electron microscopy studies
Monocyte suspensions were incubated with a pool of cryo-
globulins and examined by electron microscopy after 90 min-
utes and in co-cultured cells after 18 hours. If degradation of the
phagocytized immune material occurred efficiently, short-term
cultured monocytes would have digested the previously interi-
orized cryoglobulins. Therefore, in absence of abnormalities of
intracellular processing of the phagocytized material, the com-
plete disappearance of cryoglobulins previously segregated in
the phagosomes was expected. From an operative point of
view, the term phagocytosis was used, in a strictly morpholog-
ical sense, to imply presence of engulfed cryoglobulins within
cell lysosomes. Monocyte suspensions from different groups of
subjects under study were indistinguishable as regards their
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Fig. 1. Electron microscopy studies A. On monocyte suspensions of
patients wi.b FCM-associated nephritis phagosomes containing
immunogold labeled-cryoglobulins were evident after 90 minutes (X
46,500). Similar features were observed on the monocyte suspensions
from normal controls and clinically inactive EMC patients without
ncphritis B. Phagosomes still containing electron dense material
associated with gold particles were evident in III hour cultured
monocytes from nephritic, clinically active EMC patients (x 44,640).
C. After IS hours of culture, phagosomes containing gold particles,
but not electron dense material were observed in monocytes from
healthy subjects and clinically inactive EMC patients without
nephritis (x51,150).
characteristic volumetric heterogeneity. Cryoglobulins, appear-
ing as electron dense and partially structured material associ-
ated with gold particles, were ingested within 90 minutes, and
could easily be detected in phagosomes of monocytes from
normal subjects as well as active EMC patients with nephritis or
inactive patients without nephritis (Fig. 1A). There was no
difference in ingestion capacity of cryoglobulins among patients
or between the patient and control groups, each having a + +
score, nor in the relative proportion between phagocytized and
nonphagocytized (adherent) material, as semiquantitatively de-
termined. This excluded differences of availability and expo-
sure to potentially phagocytable cryoglobulins.
After 18 hours of culture, monocytes from normal subjects
and from clinically inactive non-nephritic patients were found
to be free of cryoglobulins, but still containing indigestible gold
particles inside phagosomes (Fig 1C).
Conversely, monocytes from patients with active EMC and
associated ncphritis were found to be still engulfed with gold-
associated electron dense material alter 18 hours (Fig. 111).
Biosynthesis and maturation cfcaihepsin D
Biosynthesis and transport of cathepsin D, one of the most
widely represented lysosomal proteases particularly involved in
degradation of extracellular proteins (12], were examined.
Synthesis, maturation and secretion of cathepsin D were exam-
ined in basal conditions and in presence of cryoglobulins or
opsonized Zymosan. Zymosan was introduced in the experi-
mental protocol due to its inhibitory effect on synthesis and
maturation of cathepsin D (13], which served as the positive
control for possible abnormalities of biogenesis of this lysoso-
mal enzyme in patients.
Results of synthesis, maturation and release of lysosomal
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Fig. 2. Biogenesis, maturation and release of cathepsin D in metaboiically—labeled monocytes from EMC patients and healthy subjects. Cells
were cultured with radioactive medium in the absence (CO: control) or in the presence of opsonized Zymosan (QZ) or pooled IgG/IgM—k
cryoglobulins (CR). Extracts of medium (M) and cells (C) were prepared and cathepsin D was immune—precipitated. Fluorograms of
immune—precipitates separated by gel electrophoresis are shown. A. Healthy subject. B. EMC patient without nephritis. C. EMC—associated
nephritis patient. Abbreviations are: SM and LM, small (13 kDa) and large chain (31 kDa) of mature enzyme; I, intermediate form (47 kDa); P.
precursor of cathepsin D (53 kDa). The polypeptide with a molecular weight higher than 53 kDa is a contaminant not related to cathepsin D. In
the presence of Zymosan the incorporation of the radio—labeled amino acid was reduced, resulting in a weak fluorogram signal. The fluorogram
represents a typical pattern of the biosynthesis and transport of cathepsin D in the three groups of subjects.
cathepsin Din monocytes from subjects of the same group were
strikingly homogeneous.
Figure 2A shows that in unstimulated cultures of control
monocytes from healthy subjects, cathepsin D polypcptides
were almost completely retained within the cells and were
found predominantly in their mature form. As previously re-
ported Fl31, in the presence of opsonized Zymosan, the effi-
ciency of the processing of procathepsin 111 to its mature form
was impaired. Incubation with cryoglobulins did not substan-
tially affect the biosynthesis and maturation of cathepsin D. The
pattern of inactive patients without nephritis (Fig. 2B) was
similar to that of healthy subjects.
While no difference was found in newly formed mature
cathepsin 13, compared to normal subjects and patients without
nephritis, the release into medium of precursor polypeptides of
cathepsin D from patients with clinically active EMC and
associated nephritis was found to be remarkably increased in
each experimental condition (Fig. 2C).
Discussion
Monocytes actively phagocytosing cryoglobulins have been
clearly identified in renal specimens from EMC patients with
clinically active nephritis [hi, These cells were thought to
locally remove cryoglobulins. However, observations of multi-
faceted functional defects of monocyte-macrophages from din-
ically active EMC patients were reported [4]. These data argue
against the hypothesis that the local removal of cryoglobulins is
really effective.
Degradation of cryoglobulins internalized by monocytes from
clinically active EMC patients with nephritis was morphologi-
cally examined in the present study. By culturing monocytes for
18 hours in the presence of cryoglobulins, an impaired intra-
phagosome degradation of electron dense material was ob-
served in cells from patients with clinically active EMC with
associated nephritis, as compared to those from age-matched
clinically inactive patients without nephritis and healthy sub-
jects. Since the monocyte suspensions were indistinguishable
as regards to the intraphago some content of electron dense
material at 90 minutes, it is unlikely that phagocytized material
remained longer in nephritic patients' monocytes because of a
greater uptake by phagocyte cells. Therefore, a more likely
explanation is a delayed processing of phagocytized cryoglob-
ulins by monocytes from clinically active EMC patients with
nephriti s.
The nature of the defect is unclear. Prolonged contact with
eryoglobulins could lead to overfeeding and eventually to
exhaustion of cell energy sources. However, firstly, monocytes
from EMC patients did not contain electron dense material
immediately after separation; secondly, while unable to effi-
ciently phagocytose particulate immune complexes [31, these
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cells have intact capacity of cryoglobulin ingestion, as shown in
the present as well as in a previous study [4]; and finally,
exhaustion of intracellular energy should potentially affect
phagocytosis. Since functionally distinct subsets of monocytes
exist in the bloodstream [14], one could speculate that disease-
related factors promote an abnormal monocyte recruitment
from the bone marrow and a modified subset balance. Rela-
tively immature or metabolically defective monocytes could be
unable to mediate an efficient processing of ingested cryoglob-
ulins. However, compared to control suspensions, monocytes
from clinically active EMC patients with nephritis did not
appear to have obvious differences in size, possibly associated
with different functional characteristics [15]. Therefore, the
possibility of defective availability of lysosomal enzymes was
analyzed, focusing on the biogenesis of cathepsin D, one of the
most abundant enzymes in phagocyte cells. Biogenesis of
cathepsin D has been extensively studied in metabolically-
labeled normal cells [reviewed in 16]. An inactive 53 kDa
precursor is synthesized at the level of granular endoplasmic
reticulum and is transported to the Golgi apparatus, where a
small amount is released in inactive form in the extracellular
compartment. Most of the enzyme is transferred to lysosomes
where acidic pH favors the autoproteolysis of the enzyme,
which acquires a two-chain structure of low molecular weight
(31 and 13 kDa, respectively), to become biologically active.
The synthesis of this lysosomal enzyme seems to be not
defective (Fig. 2). However, results of the analysis of matura-
tion and secretion of cathepsin D could have some implications
in the pathophysiology of EMC-associated nephritis.
During in vitro culture, monocytes from clinically active
EMC patients with nephritis showed an increased release of
cathepsin D precursor, but not of mature cathepsin D, irrespec-
tive of the presence or absence of zymosan or cryoglobulins.
The efficient transport of cathepsin D from the Golgi apparatus
to lysosomes is facilitated by microtubules [17]. Evidence of
cytoskeletal impairment in phagocytes from active EMC pa-
tients with nephritis was recently reported [4], and an alteration
at the cyclosis level, that is, the mechanisms which regulate the
intracytoplasmic transport of enzymes, might account for the
observed abnormality.
The release of lysosomal enzymes (particularly of acid hy-
drolases) by macrophages has been widely studied in various
experimental systems [18]. Secretion in high concentration of
proteases, such as cathepsins capable of degrading proteogly-
cans, elastin, collagen, fibrin and other components of the
extracellular matrix, may cause tissue damage in chronic in-
flammatory disease [19]. Neutrophil-derived acid cathepsins
have long been considered the main effectors of the degradation
of the glomerulus basement membrane in nephrotoxic nephritis
[19]. The present data provide evidence that monocytes from
nephritic patients may release in excess a precursor of cathep-
sin D. It is worthy of note that cathepsin D precursor is
susceptible, at acidic pH, to autocatalytic processes which
produce a slight decrease in molecular weight and the formation
of a biologically active form of 51.5 kDa [201. It is conceivable
that this also occurs in inflamed tissues where microenviron-
mental pH can reach critical values [reviewed in 21].
The pathogenesis of EMC nephritis probably involves mech-
anisms of humoral and cell-mediated immunity, local factors,
cell-to-cell interactions, cytokines, growth factors and various
biological amplification systems of which monocytes are but
one. However, these data suggest a previously unsuspected
role of these cells in the glomeruli of patients with EMC-
associated nephritis.
The intraglomerular deposition of immune complexes, such
as cryoglobulins, triggers a process of tissue inflammation
which lowers local pH. Monocytes are major effectors of the
immune response in this condition and, unlike neutrophils,
these cells survive after phagocytosis. Physiologically, after the
processes of interiorization of foreign material, phagolysosome
formation and digestion of interiorized material, the digestive
vacule becomes a residual body. It seems conceivable that the
characteristic electron microscopy pattern in kidney biopsy
specimens from EMC nephritis patients of monocytes loaded
with interiorized cryoglobulins represents the result of a 'frus-
trated digestion" rather than an effective removal of deposited
immune material. Moreover, the propensity of monocytes from
these patients to release procathepsin D extracellularly, which
is potentially active at pH values naturally occurring in inflamed
tissues, might promote the degradation of the extracellular
matrix, contributing to the glomerular damage. Since analysis
was restricted to a single enzyme, the behavior of which might
not reflect the general assessment of lysosomal proteases, the
relative weight of the abnormal transport of cathepsin D in the
pathogenesis of cryoglobulinemia needs further study.
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